The osmotic fragility of erythrocytes is known to undergo alterations when whole blood is incubated under aseptic conditions for 24 hours. The osmotic fragility of spherocytes increases considerably ( 1 ). Normal erythrocytes undergo a slight increase in fragility (2) and by contrast the osmotic fragility of leptocytes and certain other erythrocytes (3) is decreased. The sequence of events associated with this divergent change and the factors which influence it are the subjects of this study.
The osmotic fragility of erythrocytes is known to undergo alterations when whole blood is incubated under aseptic conditions for 24 hours. The osmotic fragility of spherocytes increases considerably ( 1 ) . Normal erythrocytes undergo a slight increase in fragility (2) and by contrast the osmotic fragility of leptocytes and certain other erythrocytes (3) is decreased. The sequence of events associated with this divergent change and the factors which influence it are the subjects of this study.
Under certain circumstances the normal erythrocyte may behave as an osmometer (4). Though not implying "rupture" of the erythrocyte (5), osmotic lysis occurs when the red cell volume increases to a critical value (6, 7) . In in vitro systems, the degree of osmotic lysis which may occur is affected by pH, temperature, and tonicity (8) of the surrounding medium. If these variables are held constant, then alterations in the osmotic fragility of the incubated erythrocytes would reflect changes in their milieu interne which result from metabolic activity during incubation.
Abnormality of shape or volume of erythrocytes or both is presumed to alter their osmotic fragility by virtue of altering the span between the initial volume and the critical hemolytic volume of the cell (6, 7, 9) . However, abnormal cell geometry does not, by this means, account for the apparent paradoxical response of the osmotic fragility of leptocytes to incubation. If the initial direction of change in the osmotic fragility of incubated leptocytes were abnormal, an abnormality of erythrocyte metabolism would be suggested. If the initial change in osmotic fragility were normal but versity of Sheffield. the timing of sequential events were abnormal, as suggested by earlier observations at 24 and 48 hours of incubation (3) , an alternate explanation would be needed.
A preliminary report of this work has been published (10) .
METHODS
The cyanmethemoglobin method, Wintrobe hematocrit (11) , and Coulter electronic cell counter (12) were used to determine, respectively, the hemoglobin concentration, volume of packed red cells, and red cell count of whole blood. Isotonic and hypotonic solutions of "saline" were prepared to contain sodium chloride and sodium phosphate and were buffered at pH 7.40, as described by Parpart and co-workers (8) and by Dacie (13) . The tonicity of a given solution was recorded as the per cent of sodium chloride to which it was osmotically equivalent. For quantitative osmotic fragility determinations, 10 to 15 ml of venous blood was taken in a dry, sterile syringe and defibrinated in a sterilized 125-ml Erlenmeyer flask closed by a screw cap or a cotton plug. From this flask, by using aseptic technic, aliquots of about 0.1 to 0.2 ml were transferred to a small test tube immediately after defibrination (zero time) and after stated periods of incubation. Incubation was carried out at 370 C, without shaking, in a warm air incubator. Oxygen was available from room air at an average atmospheric pressure of 655 mm of mercury. Without delay, 0.02 ml of blood from the small test tube was added to 5.0 ml of each specified isotonic or hypotonic solution, mixed by inversion, and allowed to stand 30 minutes at room temperature (21°to 25°C) to undergo osmotic lysis. After centrifugation at 40 C to separate non-hemolyzed cells and ghosts, the supernate was decanted and its optical density was determined at 540 m,0. The osmotic hemolysis in specified hypotonic solutions and the non-osmotic hemolysis of the aliquots were calculated as follows:
where (O.D.) , is the optical density of the tube containing 0.02 ml blood in 5.0 ml isotonic "saline," 1 (O.D.).
1 When anemia was present, 4.0 ml rather than 5.0 ml diluent was used in all tubes. is the optical density of the tube containing 0.02 ml blood in 5.0 ml distilled water, and (O.D.)t is the optical density of the tube containing 0.02 ml blood in 5.0 ml specified hypotonic "saline."
The pH of the hypotonic solutions, after hemolysis occurred, was Figure 1 ).
The changes in osmotic fragility of erythrocytes in 0.45 per cent "saline" at successive 3-hour periods of incubation are plotted in Figure 2 . An orderly progression of increasing (phase I), then decreasing (phase II), and finally increasing (phase III) fragility was found. This fluctuation was well beyond the experimental error of the observations, and a smooth curve could be drawn through the points, revealing a cyclic pattern. In some but not all instances there was a slight de- dine in osmotic fragility during the first 3 hours of incubation ( Figure 2 ).
Cyclic changes in the osmotic fragility with incubation. Cyclic changes of the nature described above were found in all 12 of the normal subjects studied. The changes in erythrocyte osmotic fragility of four of the subjects are presented in Figure 3 .
There was some variation in the amplitude or period of the cycle from individual to individual but the curve was reproduced well in a subject studied twice over a period of 2 months ( Figure  3,D) . In general, in 0.45 per cent "saline" there was a four fold increase in osmotic fragility in the first phase of the cycle, reaching a maximum value after 18 to 24 hours of incubation. The second phase of the cycle, starting at the first inflection point, was marked by a fall in osmotic fragility to about one-half to two-thirds of the From subject to subject, for a given tonicity, the position and amplitude of the curve on the graph varied somewhat, according to the median osmotic fragility of the unincubated erythrocytes ( Figure 4 ,A and C). In some individuals the decline from the maximum fragility was gradual or delayed ( Figure 4,B) . The probable basis for this observation will be discussed later.
Effect of the addition of glucose, adenosine, and fluoride on the cyclic changes. The addition of glucose to the incubation flask did not affect the first phase of the cycle but delayed the onset of the second phase and reduced its slope so that the nadir (second inflection point) occurred later than it would otherwise (Table II) Figure 6 . is represented by the stippled area. minor) also exhibited a cyclic pattern in osmotic fragility after incubation (Figure 7) . The extremely low values reached at the second inflection point (nadir) contrasted with the behavior of normal cells both at the tonicity illustrated (0.40 per cent "saline") and at the higher tonicities. Thus, the second phase of the cyclic pattern was greatly accentuated. In comparison with erythrocytes from patients with iron deficiency, the curve was displaced further toward the abscissa in 0.40 per cent "saline." As a result, the fact that the value of the nadir was lower than in the unincubated cells was somewhat obscured. In a more hypotonic solution, such as 0.30 per cent "saline" (Figure 8,A and B Hereditary nont-spherocytic heniolytic anemia.
In a single patient with hereditary non-spherocytic anemia (Figure 8,C) (16, 17) . Glucose has delayed the onset of potassium loss (16, 18) and fluoride has advanced it (19) (20) (21) (22) . This suggests that in the initiation of the second phase the sequence was: the cessation of glycolysis, rapid loss of intracellular potassium and then water, a decline in cell volume, and a consequent decrease in osmotic fragility.
The reduced slope of the second phase and the delay in the occurrence of the nadir noted in some normal subjects (Figure 4 ,B) may have been due to variations in the blood sugar at the time samples were obtained.
The increase in osmotic fragility in the third phase was accompanied by a significant increase in non-osmotic hemolysis. Both of these events may be associated with the fall in the concentration of adenosine triphosphate which follows upon the cessation of glycolysis (23, 24) . Apparently the permeability of the red cell membrane is altered when glycolysis ceases (25) .
Both glucose and fluoride bring about an increase in osmotic fragility about 12 to 18 hours after their addition to the incubation flask. The effects may be distinguished as a late first-phase phenomenon in the case of glucose and a thirdphase event in the case of fluoride, on the basis of the non-osmotic hemolysis which is proportionately small in the case of glucose and proportionately large in the case of fluoride.
In these studies the effect of added adenosine was similar to that of glucose in increasing osmotic fragility of erythrocytes incubated in their own serum. This contrasts with observations on washed erythrocytes incubated in phosphate buffer at 370 C (26) and on erythrocytes stored at 40 C in their own plasma (23) . The differences in the experimental conditions cited probably account for this contrast.
The results we have discussed reflect the mean changes for a population of erythrocytes of all ages. However, a relationship between the age of erythrocytes and their resistance to hypotonic lysis has been described (27) . The absence of a distinct three phase cyclic change in normal erythrocytes at tonicities greater than 0.50 per cent "saline" might be the result of the oldest erythrocytes exhibiting only a single phase. The oldest cells are most susceptible to hypotonic lysis and might respond with the equivalent of a third phase change alone.
The changes in osmotic fragility after 24 hours of incubation which characterize certain abnormal types of erythrocytes can be interpreted in the light of these observations.
In hereditary spherocytosis the cyclic pattern was normal in configuration and amplitude and was equivalent to the pattern from normal erythrocytes simply transposed from 0.45 per cent "saline" to 0.60 per cent "saline" as the test solution. This suggests that, in this disorder, geometrical considerations of the spherocyte as an osmometer, rather than metabolic abnormalities during incubation, underlie the altered osmotic fragility. Significantly, spherocytes did not pursue a relentless course of increasing osmotic fragility but, in the interval between 24 and 36 hours of incubation, exhibited the second phase, that is, decreasing osmotic fragility, as did normal erythrocytes. On the other hand, differing from the normal, the nonosmotic hemolysis of incubated spherocytes (so called, autohemolysis) was increased. Whereas glucose reduced the non-osmotic hemolysis, it did not reduce the osmotic hemolysis.
The apparently paradoxical response of leptocytes after incubation (3) was found to be part of the normal cyclic pattern. Leptocytes exhibited an accelerated pattern, displaced to a lower than usual tonicity, and notable for accentuation of the second phase. As a result, after about 24 hours of incubation, the osmotic fragility of leptocytes in 0.40 per cent and particularly in 0.30 per cent "saline" was near a minimum value and was less than the pre-incubation value. The leptocytes had already passed through and beyond the point of maximum osmotic fragility which would only then be achieved by normal erythrocytes. Thus, the net decrease in the osmotic fragility of leptocytes (3, 17) and erythrocytes from some cases of hereditary non-spherocytic hemolytic anemia (16) 2. Normally, the first phase, characterized by increasing osmotic fragility, occurred during the first 24 hours; the second phase, in which fragility decreased, occurred in the next 24 hours; the third phase, a return to increasing fragility, followed in the next 24-hour period.
3. The amplitude of the cyclic change depended upon the tonicity in which the osmotic fragility was determined. Abnormal erythrocytes exhibited changes in the period of the cycle, the amplitude of the cycle, or the tonicity at which maximum amplitude was observed.
4. The addition of glucose or adenosine to the incubation serum delayed the onset of the second phase; fluoride abolished the first phase and advanced the occurrence of the second phase.
5. It is postulated that the first phase may be due to continuing glycolysis, the second phase to erythrocytic cation loss upon cessation of glycolysis, and the third phase to depletion of erythrocytic adenosine triphosphate. It is also suggested that the variations in osmotic fragility o1)served after incubation of spherocytes, leptocytes, and iron deficiency erythrocytes are related to the ratio of surface area to volume of each of these cell types.
